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DETAILED ACTION 

The claim to foreign priority under 35 U.S.C. 1 19 and receipt of a certified copy of 
the priority document is acknowledged and taken into account in this action. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1 -1 5 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Schei (5788945) in view of Schmid et al (6368403) and further in view of Mellstrom 
(WO8902415). 

Schei, col. 3 lines 27-35, teaches a method of refining silicon where slag having 
a lower density than molten silicon is continuously or substantially continuously supplied 
to the molten silicon through the bottom or through the lower part of the vessel 
containing the molten silicon whereby the slag will rise to the top of the molten silicon 
where the slag is continuously or substantially continuously removed from the vessel. 
Slag based on Na20-Si02 is an example of slag having a lower density then silicon. 
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Although Schei teaches introducing Na20-Si02 into the molten silicon as already 
molten slag, Schei does not teach introducing Na20-Si02 into the molten silicon in a 
powder form. 

Schmid, col. 5 lines 1-10, teaches a method for purifying silicon where silica 
powder can be introduced as a reactant for molten silicon to form a slag containing the 
silica powder and impurities in the molten silicon. Further, the addition of certain 
powders such as CaO powder makes the slag more basic and thus allows it to trap 
impurities. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to substitute the powder form of CaO-Si02 as taught by Schmid in for the 
Na20-Si02 as taught by Schei in the molten silicon because silica powder and calcium 
oxide powder are generally known for use in slag. Further, introducing silica and CaO in 
powder form eliminates the step of heating these components separately to form slag 
before introduction to the molten silicon. Further, it would have been obvious to one of 
ordinary skill in the art at the time of the invention to maximize the purity of the final 
silicon product. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention that powder Na20 can be substituted in for powder CaO because both are 
considered strong bases and therefore both have the ability to extract boron out of the 
molten silicon and further Na20 has the ability to rise to the top of the molten silicon. 
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Although Schei in view of Schmid teaches a method for refining silicon where 
silica powder and calcium oxide powder is introduced to molten silicon, neither teaches 
introducing a powder of an alkali carbonate metal. 

Mellstrom, pgs. 3 and 4, teaches a method for the purification of silicon where at 
least one compound selected from the group consisting of oxides, carbonates and 
hydroxides of alkali and/or alkaline earth metals is added to the molten slag. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention that powdered sodium carbonate can be substituted in for sodium oxide 
because Mellstrom teaches sodium carbonate or sodium oxide would result in the same 
percentage of silicon purification. 

Regarding claim 2, Schei, col. 3 lines 27-35, teaches a method of refining silicon 
where slag having a lower density than molten silicon is continuously or substantially 
continuously supplied to the molten silicon through the bottom or through the lower part 
of the vessel containing the molten silicon whereby the slag will rise to the top of the 
molten silicon where the slag is continuously or substantially continuously removed from 
the vessel. 

Regarding claims 3 and 6, it would have been obvious to one of ordinary skill in 
the art at the time of the invention to optimize the interval time of adding the additives to 
discharging to achieve maximum purification of the silicon material. 
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Regarding claims 4-5 and 7, it would have been obvious to one of ordinary skill in 
the art at the time of the invention that the order of the addition of the slag materials 
would have no impact on the final silicon product as long as all the components are well 
mixed. 

Regarding claims 8 and 10, it would have been obvious to one of ordinary skill in 
the art at the time of the invention to discharge already formed slag as many times as 
needed to obtain additional space for further treatment of the raw silicon having a boron 
concentration. Schei, col. 3 lines 27-35, further teaches the slag will rise to the top of the 
molten silicon where the slag is continuously or substantially continuously removed from 
the vessel. 

Regarding claim 9, it would have been obvious to one of ordinary skill in the art at 
the time of the invention to optimize the interval time of adding the additives to 
discharging the formed slag to achieve maximum purification of the silicon material. 

Regarding claim 1 1 , Schei, example 1 , teaches the boron content of the refined 
silicon was about 1 ppmw. Further, Schmid, col. 1 lines 20-25, teaches the final silicon 
product should have no more than 5 ppm of metallic impurities. 

Further, it would have been obvious to one of ordinary skill in the art at the time 
of the invention to optimize the number of times the slag is discharged to obtain a 
desired boron concentration. 
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Regarding clam 12, it would have been obvious to one of ordinary skill in the art 
at the time of the invention to optimize the quantity of silica and sodium carbonate 
added to the molten silicon to obtain the purist form of silicon. 

Regarding claim 13, Schei, example 1, teaches a mole of silicon in the Si02 is 
.666 times the mole of the CaO. 

Regarding claims 14 and 15, it would have been obvious to one of ordinary skill 
in the art at the time of the invention that powder Na20 can be substituted in for powder 
CaO because both are considered strong bases and therefore both have the ability to 
extract boron out of the molten silicon and further Na20 has the ability to rise to the top 
of the molten silicon 

Further, Mellstrom, pgs. 3 and 4, teaches a method for the purification of silicon 
where at least one compound selected from the group consisting of oxides, carbonates 
and hydroxides of alkali and/or alkaline earth metals is added to the molten slag. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention that powdered sodium carbonate can be substituted in for sodium oxide 
because Mellstrom teaches sodium carbonate or sodium oxide would result in the same 
percentage of silicon purification. 
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Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over Schei 
(5788945) in view of Schmid et al (6368403) and Mellstrom (WO890215) as applied to 
claim 1 and further in view of Hurley (1 992). 

Although Schmid teaches adding alumina to the molten silicon to lower the 
melting point of the slag, Schei and Schmid do not teach adding alumina increase the 
viscosity of the slag. 

Hurley, abstract, teaches a slag composition where the addition of alumina 
increases the viscosity and the Tc of the slag and therefore making the slag less 
corrosive. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to incorporate alumina as taught by Hurley in molten silicon/ slag composition 
because Hurley teaches the alumina will increase the viscosity and the Tc of the molten 
silicon/slag mixture and therefore make the slag less corrosive. 



Response to Arguments 

Applicant's arguments, filed 1/28/2009, with respect to the rejection(s) of claim(s) 
1-16 under Fujiwara have been fully considered and are persuasive. Therefore, the 
rejection has been withdrawn. However, upon further consideration, a new ground(s) of 
rejection is made in view of Schei and Schmid and Schei, Schmid and Hurley. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to STEFANIE COHEN whose telephone number is 
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(571)270-5836. The examiner can normally be reached on Monday through Thursday 
9:3am-6:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Melvin Curtis Mayes can be reached on 5712721234. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Stefanie Cohen 3/20/2009 
SC 

March 21 , 2009 
/Melvin Curtis Mayes/ 

Supervisory Patent Examiner, Art Unit 1793 



